. The Development of the Vasculature of the Pelvic Fin in the Australian Lung gfish, Neoceratodus forsteri. Tohoku J. exp. Med., 1988, 156 (4), 359-373 -The development of the vasculature of the pelvic fin in the Aus tralian lungfish, Neoceratodus forsteri, was studied by the dye-injection method. The primitive iliac artery of the primitive iliocecal artery which originates in the dorsal aorta drains into the posterior cardinal vein. As development proceeds, the primitive iliac artery penetrates the fin anlage, and finally becomes the pelvic fin artery. The chief venous channel in the fin anlage draining into the posterior cardinal vein is the pelvic fin vein. The arterio-venous condition in the pelvic fin anlage in this animal changes successively as follows : 1) one artery and one vein, 2) two arteries and one vein, 3) two arteries and two veins. The postaxial arterial element elongates to be located in the preaxial region, and the postaxial vein is located in the postaxial region from beginning to end. vasculariza tion ; pelvic fin ; lungfish
The vascularization of the vartebrate appendages has been studied in the shark (Muller 1904; Wetterdal 1921) , salamander (Ura 1956; Onosato 1971) , lizard (Hochstetter 1891 ; Muller 1904; Svensson 1908) , chick (Hochstetter 1891 ; Evans 1909) , rabbit (Hochstetter 1891) , pig (Woollard 1922 ) and man (Senior 1919 ). Hochstetter (1891) studied the bloodstream of living embryos to seek a rule of vascularization of the pelvic appendages ; he said that the postaxiallysituated artery becomes located in the preaxial region and the preaxially-situated vein becomes located in the postaxial region through limb rotation. These phenomena had been observed in the salamander by Onosato (1971) who used the dye-injection method. However, there are few reports which have described the vascularization in the limbs from very early to somewhat later stages of embryos. Therefore, the developmental and comparative angiology in the appendages of the vertebrates is still obscure. The lungfish, which is a sarcopterigian, has welldeveloped fleshy-lobed fins ; it has been thought that its fins may be one of the ancestral types of tetrapod limbs (Holmgren 1933; Romer 1971) . Thus, if the vascularization of the fin-lobe of this type should be cleared, some informations on limb problem should be offered. In the present paper, the author wishes to describe the mode of vascularization of the pelvic fins in the several stages of the Australian lungfish, Neoceratodus forsteri by the dye-injection method. (Saito 1988) .
MATERIALS AND METHODS

Eggs
The blood vessels of the region at the levels from the 31st to the 34th myotomes, where the anlage of the pelvic fin will appear in the future, consist of the venous network (Fig. 2) . The veins related to the venous network, which looks like a ring (venous ring) are four ventral intersegmental veins which drain segmentally into the posterior cardinal vein at the levels of the 31st, 33rd, 34th and 35th myotomes, respectively.
The artery for the region of the future pelvic fin cannot be seen in this stage. The most posterior mesenteric artery, i.e., the primitive iliocecal artery, originates in the dorsal aorta at the level of the 35th myotome. It runs ventrally to divide into the intestinal and another branch. The latter artery anastomoses with the posterior cardinal vein. The site of anastomosis of this artery with the posterior cardinal vein at the left side is at the level of the posterior extremity of the 34th myotome.
Stage 2, 28 days after hatching, head-tail length 16.5 mm
The anlage of the pelvic fin appears as a small ridge or fold in the space between the 31st and 34th myotomes. The ventral margin of the anlage does not protrude over the ventral margin of the midgut. The vascular system related to the pelvic fin anlage is not found in the fin fold, but on the base of the anlage (Fig. 3) . The three intersegmental veins , which drain into the posterior cardinal vein, gather to form a venous ring at the base of the fin anlage. This venous ring is situated in the central part of the base of the fin anlage. The ventral intersegmental vein at the level of the 33rd myotome is the largest among the veins in this region. It splits into two branches, one of which anastomoses with the venous ring and the other one runs anteriorly to become the original part of the primitive abdominal vein.
The primitive iliocecal artery originates in the dorsal aorta at the level of the 35th myotome. It runs ventro-posteriorly for a short distance and divides into two arteries ; one of them anastomoses with the venous branches in the analgut, and the other runs antero-ventrally, giving off a branch which anastomoses withh the posterior cardinal vein, to anastomose with the venous ring posteriorly. Through this anastomosis, the arterial blood flows to the venous ring in the region of the fin anlage. Thus this artery is now called the primitive iliac artery.
The arterio-venous circuit for the base of the pelvic fin anlage in this stage is Stage 3, 42 days after hatching, head-tail length 20 mm The base of the anlage of the pelvic fin is located in the space between the 31st and 33rd myotomes in this specimen. The pelvic fin anlage is directed vertically to the longitudinal axis of the body and looks just like a pot (Fig. 4) . Its apex reaches beyond the ventral margin of the midgut when viewed from the side.
The vascular system related to the pelvic fin anlage has developed further compared with the previous stage, and the arterial and venous elements enter the pelvic fin anlage. The veins related to the base of the fin anlage are three ventral intersegmental veins. The venous ring is also found in this area. At the poste rior margin of the venous ring, a small venous branch elongates into the fin anlage as the pimitive pelvic fin vein.
The primitive iliocecal artery originates in the dorsal aorta at the level of the 35th myotome. It runs ventro-posteriorly for a short distance and divides into the cecal and the primitive iliac arteries. The primitive iliac artery runs ventroanteriorly and passed laterally to the posterior cardinal vein and runs across the venous ring laterally to enter the fin anlage as the primitive pelvic fin artery. In its course it gives off a small branch to the venous ring. In the fin anlage, the primitive pelvic fin artery runs ventrally for a short distance and anastomoses with the venous branch.
The original axis of the pelvic fin anlage in this specimen is set at a line from the posterior extremity of the 32nd myotome. In the fin anlage, the primitive pelvic fin artery whose proximal part runs in the postaxial region enters the preaxial region and the primitive pelvic fin vein is present in the postaxial region.
Stage 4, 48 days after hatching, head-tail length 25 mm
The pelvic fin anlage points posteriorly and its dorsal portion grows ventrally to the ventral margin of the midgut. It looks like a small leaf, and is now said to be a small pelvic fin (Fig. 5) .
The vascular system for the pelvic fin divided into two parts, the basal part and the fin part. The vasculature of the basal part consists of the venous ring with which three ventral intersegmental veins anastomose.
The iliocecal artery originates in the dorsal aorta at the level of the 35th myotome. The iliac artery runs antero-ventrally passing laterally to the posterior cardinal vein and crosses the venous ring laterally to enter the pelvic fin as the pelvic fin artery. The pelvic fin artery divides into two arteries ; one of them enters the pelvic fin in the ventro-lateral plane as the ventro-lateral artery, and the other runs in the ventro-medial plane as the ventro-medial artery. These arteries unite to form a plexus at the distal part of the pelvic fin. This arterial plexus drains into the venous plexus which appears in the dorsal portion of the distal part of the pelvic fin. A vein which runs on the dorsal side in the fin develops to drain Stage 5, 60 days after hatching, head-tail length 30 mm The base of the pelvic fin is located in the space between the 31st and 32nd myotomes. The apex of the pelvic fin grows to reach the level of the 36th myotome, and the fin flap is directed posteriorly parallel to the longitudinal axis of the body (Fig. 6) .
The iliocecal artery originates in the dorsal aorta at the level of the 35th myotome. It runs ventro-posteriorly for a short distance and gives off the iliac and the cecal arteries. The iliac artery bends sharply to run for a long distance antero-ventrally to reach the base of the pelvic fin at the level of the 32nd myotome. In its course, it gives off the arterial branches which anastomose with the ventral intersegmental vein. At the base of the pelvic fin, the iliac artery bends sharply ventro-posteriorly at a 90-degree angle and crosses over the venous ring laterally to enter the pelvic fin as the pelvic fin artery, giving off a small artery which runs anteriorly to anastomose with the anterior part of the venous ring. The pelvic fin artery divides into the smaller ventro-lateral artery and the larger ventro-medial artery. These two arteries anastomose with each other to form an arterial network in the ventral region of the pelvic fin flap. At the apex of the fin flap, the arterial element anastomoses with the venous element. The venous channels gather to become the single vein which is present in the dorsal part of the fin flap (the pelvic fin vein). The distal part of this vein is plexiform. The pelvic fin vein drains into the posterior part of the venous ring which has an islet-hole appearance in this stage. The venous blood in the venous ring drains into the posterior cardinal vein through three ventral intersegmental veins. The original axial line of the pelvic fin goes further down anteriorly to become nearly parallel to the longitudinal axis of the body. Therefore the materials of the originally preaxial (anterior half) and the postaxial (posterior half) regions are rotated in a 90-degree angle from their initial positions to be located in the ventral half and the dorsal half in the pelvic fin, respectively, in this stage.
Stage 6, 70 days after hatching, head-tail length 26 mm
The base of the pelvic fin is present in the space between the levels of the 31st and 33rd myotomes, and the apex of the fin grows to the level of the 37th myotome.
The iliocecal artery originates in the dorsal aorta at the level of the 34th myotome (Fig. 7) . It gives off the iliac artery which runs ventrally across the posterior cardinal vein, and then bends antero-ventrally.
At the base of the pelvic fin, the iliac artery passes laterally to the venous ring and bends sharply ventrally to enter the pelvic fin as the pelvic fin artery. The pelvic fin artery gives off the abdominal artery anteriorly, and divides into two arteries, the ventro-lateral and the ventro-medial arteries. The ventro-lateral artery runs more ventrally in the proximal third of the pelvic fin and divides into the dorsal and ventral branches. The dorsal branch anastomoses with the pelvic fin vein, giving off a small artery which anastomoses with the ventromedial artery. The ventral branch drains into the newly formed ventral marginal vein. The ventro medial artery which is the main artery in the pelvic fin passes more medially than the first artery to reach the distal part of the fin, where it anastomoses with the venous elements which drain into the pelvic fin vein. In its course the ventro medial artery gives off small arterial branches which drain into the ventral marginal vein. Compared with the previous stage, the ventro-lateral artery 
DISCUSSION
Primitive vascularization of the pelvic appendage Reports on the vascularization of the pelvic appendages in vertebrates are very few, and only Hochstetter (1891), Senior (1919) , and Onosato (1971) have studied this problem in several amniotes, humans and salamanders, respectively. However, there are no reports on the vascular arrangement of the region in which the pelvic appendage will appear in the future. In N. forsteri (the present study), the related vessels for the region of the future pelvic fin are venous in nature as seen in stage 1. The venous ring, consisting of four ventral intersegmental veins, nourishes this area. At this time, the arterial element, i.e. the primitive iliocecal artery, never reaches the pelvic region, but drains into the posterior cardinal vein. Further study with another animal is needed to determine whether this primitive vascular condition in the region of the future appendages seen in N. forsteri is the fundamental pattern or not.
Preaxial artery and postaxial vein
The primitive iliac or iliac artery is located posterior to the base of the fin anlage in every stage in N. forsteri. In stage 2, this artery curves to run antero ventrally to reach the region just above the base of the fin anlage. In the next stage (stage 3), as the fin anlage further develops ventrally, the primitive iliac artery runs further ventrally and anteriorly to be located in the preaxial region and becomes the primitive pelvic fin artery. The returning vein for the primitive pelvic fin artery is the primitive pelvic fin vein which is located in the postaxial region. Compared with stage 3 and stage 4, the vascular arrangements in the fin anlagen are somewhat different, namely in the advanced stage the pelvic fin artery and the pelvic fin vein come to be located in the ventral region and in the dorsal region of the fin anlage, respectively. This condition, that is, ventral arterial element and dorsal venous element, continues to stage 5. Onosato (1971) , who studied the vascularization of the pelvic limb of the salamander said that the draining vein runs anteriorly, crossing the artery, and drains into the posterior cardinal vein. From this cross-condition , he thought that the preaxial vein and the postaxial artery rotate in such a manner that the former becomes located in the dorsal region and the latter in the ventral region , through the embryonal rotation. However, in the fin anlage of N. forsteri , this is not true ; in this case, the postaxial artery does not rotate but only develops to become located in the preaxial region and is placed in the ventral region. The drainage vein (pelvic fin vein) does not rotate but develops in the postaxial region from the beginning .
Ventral marginal vein and dorsal marginal vein
In the process of the vascularization of the pectoral and pelvic appendages of the vertebrates, such as Lacerta, chicken and rabbit, the ventral and dorsal marginal veins appear (Hochstetter 1891).
In the pelvic appendages of Lacerta (Hochstetter 1981 ) and salamanders (Onosato 1971) , the dorsal marginal veins appear first, and then the ventral marginal veins appear successively. In the present study, the dorsal marginal vein (pelvic fin vein) appeared earlier than the ventral one. Thus the venous vascularization of the pelvic fin of the lungfish is very similar to that of the other animals mentioned above. However, the dorsal marginal vein in the salamander (Onosato 1971 ) is said to appear once in the preaxial region and the limb rotation causes this originally preaxial vein to be located in the postaxial region as the dorsal marginal vein. In the case of N. forsteri, the postaxial dorsal marginal vein first appears in the postaxial region and never comes from the preaxial region. There is a discrepancy in the manner of rotation of the pelvic appendages between the salamander and the lungfish so far as the dorsal marginal veins are concerned.
Rotation of the pelvic fin anlage of N. forsteri
The pelvic fin anlage of N. forsteri rotates only 90-degrees from the original position to the last position. The anterior margin of the fin anlage becomes situated in the ventral margin as development proceeds. This manner of rotation is very different from that of the pectoral fin of this animal. The pectoral fin anlage rotates twice and the original anterior margin faces ventrally in the first rotation and dorsally in the second rotation (Saito 1988 ). Hatschek (1889) stated that the pectoral and pelvic fins of N. forsteri rotate in different manners. Romer and Byrne (1931) pointed out that in the pelvic fin of Ceratodus the preaxial margin is ventral and the postaxial margin is dorsal. Holmgren (1933) , who studied embryological development of the pelvic and pectoral fins of Ceratodus, stated that the two fins rotate in different ways. These observations agree with my observations in the development of the pectoral and pelvic fins of this animal. In contrast, Onosato (1971) , who studied the vascularization of the pelvic limb of the salamander, showed that the manner of rotation of the pelvic limb is the same as that of the pectoral limb (Ura 1956 ). Their ideas are derived from the fact that in both pelvic and pectoral limbs the postaxially situated arteries and preaxially situated veins become secondary located in the preaxial and postaxial regions, respectively, through the embryonal limb rotation. In the vascularization of the pectoral fin anlage of N. forsteri, this type of rotation cannot be observed (Saito 1988 ). In the pelvic fin anlage of N. forsteri, the materials in the pre-and postaxial regions are never exchanged with each other as described in the salaman der (Onosato 1971) . Only the artery which originates in the more posterior side elongates more anteriorly to enter the preaxial region of the fin.
We studied only a few animals, and more study of the vascularization of the paired appendages is needed to identify the features of limb vascuralization common to the vertebrates.
